Design and synthesis of peptides that bind alpha-bungarotoxin with high affinity and mimic the three-dimensional structure of the binding-site of acetylcholine receptor.
Alpha-bungarotoxin (alpha-BTX) is a highly toxic snake neurotoxin that binds to acetylcholine receptor (AChR) at the neuromuscular junction, and is a potent inhibitor of this receptor. In the following we review multi-phase research of the design, synthesis and structure analysis of peptides that bind alpha-BTX and inhibit its binding to AChR. Structure-based design concomitant with biological information of the alpha-BTX/AChR system yielded 13-mer peptides that bind to alpha-BTX with high affinity and are potent inhibitors of alpha-BTX binding to AChR (IC(50) of 2 nM). X-Ray and NMR spectroscopy reveal that the high-affinity peptides fold into an anti-parallel beta-hairpin structure when bound to alpha-BTX. The structures of the bound peptides and the homologous loop of acetylcholine binding protein, a soluble analog of AChR, are remarkably similar. Their superposition indicates that the toxin wraps around the binding-site loop, and in addition, binds tightly at the interface of two of the receptor subunits and blocks access of acetylcholine to its binding site. The procedure described in this article may serve as a paradigm for obtaining high-affinity peptides in biochemical systems that contain a ligand and a receptor molecule.